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Summary A bone marrow (BM) aspiration and biopsy is often believed to be a
much needed diagnostic procedure in the work up of patients with fever of unknown
origin (FUO), especially in the setting of AIDS. Is it worthwhile to proceed with this
invasive diagnostic method? The usefulness of a BM aspiration or biopsy to assist in
the diagnosis of FUO or prolonged fever in AIDS patients has been reported previously
to range from 4% to 40%. The purpose of this study was to assess the usefulness of
a BM aspiration and biopsy in diagnosing the cause of FUO in patients with AIDS
and to identify the utility of the procedure for the diagnosis of malignancies/other
hematological disorders resulting in the FUO. In this study, comprising of 30 patients,
we have tried to ﬁnd the diagnostic yield of bone marrow examination in ﬁnding the
etiology of ‘‘FUO associated with HIV infection’’. Though similar studies have been
reported in the literature but it is lacking from eastern India.
The majority of BM examination in this series revealed infections followed by
hematological disorders. Our study showed the diagnostic yield of bone marrow
examination in ‘‘HIV associated FUO’’ to be 26.7%. It was found to be positive in
33.3% of the patients, who had the ﬁnal diagnosis of an infective etiology and 100%
of the patients, who had a ﬁnal diagnosis of an underlying hematological etiology.
© 2010 King Saud Bin Abdulaziz University for Health Sciences. Published by Elsevier
.Ltd. All rights reserved∗ Corresponding author at: Department of General Medicine, Medic
West Bengal,India. Tel.: +91 9830686081.
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n estimated 33 million people are living with
IV/AIDS worldwide with approximately 2.7 mil-
ion getting newly infected every year [1]. India
as an estimated 2.5 million infections [1]. Clinical
anifestations of HIV disease include hemato-
ogic abnormalities (isolated anemia, leucopenia
r thrombocytopenia, bicytopenia or pancytope-
ia), opportunistic infections, unexplained fever
r a fever of unknown origin (FUO), and, less
ommonly, certain types of neoplasms [2,3]. ‘‘HIV
ssociated FUO’’ is deﬁned by a temperature of
38.3®C (≥101®F) on several occasions over a
eriod of more than 4 weeks for outpatients or
ore than 3 days for hospitalized patients with HIV
nfection [4]. This diagnosis is invoked if appropri-
te investigations over 3 days, including 2 days’
ncubation of cultures, reveal no source [4]. The
atients were recruited in this study on strict adher-
nce to the above-mentioned criteria. In addition
o the recommended investigations for diagnosis
f FUO, bone marrow examination was done in
ach and every patient, and its diagnostic yield
as calculated. Bone marrow examination is fre-
uently undertaken, especially in the evaluation of
nexplained or persistent fever [1], in suspected
pportunistic infection with bone marrow involve-
ent [5], or for staging in malignancy [6]. Findings
f bone marrow examination in patients with AIDS
ave been described in the literature since the
980s [7]. We have tried to estimate its utility in
he diagnosis of FUO in eastern Indian patients in
his study.
aterials and methods
his was a non-randomized cross-sectional obser-
ational study undertaken from March’08 through
ebruary’09. The study population included the
atients attending ‘‘Apex referral clinic for
IV/AIDS — Medical college, Kolkata — the oldest
IV treatment centre in Eastern India, established
n 1995’’, and Medicine ward of Medical College
nd Hospital, Kolkata, who fulﬁlled the criteria
or ‘‘HIV associated FUO’’. All the patients were
ndian by origin, mostly from West Bengal and the
eighboring state of Bihar. The duration of fever,
umber of outpatient visits, steps taken at those
utpatient visits were analyzed for fulﬁllment of
he criteria for FUO, from the patient’s past med-
cal records. The following steps were followed
efore the selection of patients: a comprehen-
ive history taking, detailed physical examination,
a
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IV ELISA, CD4 count, complete hemogram, ESR,
RP, blood biochemistries, 3 sets of blood culture,
rinalysis & culture, stool routine & parasitolog-
cal examination, sputum for AFB, chest X-ray,
ltrasonography of abdomen, fundoscopy, hepati-
is B surface antigen, anti-HCV antibody & serum
DRL. All the patients were then subjected to bone
arrow aspiration, trephine biopsy & examination
nd ZN stain, fungal stain followed by mycobac-
erial and fungal culture if required. Also done in
elected patients were serum iron, TIBC, ferritin,
itamin B12 and folate studies, anti-nuclear factor,
heumatoid factor, muscle enzymes, CT/MRI scan
f brain, CSF study, ascitic ﬂuid study, pleural ﬂuid
tudy, crypococcal antigen, anti-toxoplasma anti-
ody, serum protein electrophoresis, lymph node
NAC or biopsy, skin biopsy, CT scan of chest,
bdomen and pelvis, upper GI endoscopy and
olonoscopy. However radionuclide scanning proce-
ures could not be used for diagnosis because of
navailability in our institution. Patients on ART,
regnant patients, patients with previously known
alignancy were excluded from study. The main
utcome measure was the ﬁnal diagnosis at dis-
harge or within 3 months follow up.
HIV was diagnosed by Rapid ELISA test kit
HIV Comb, Tri-dot and Bioimmune) at the Vol-
ntary Counseling and Testing Center (VCTC) at
edical College, Kolkata. CD4 counts were doc-
mented by a FACS Counter (Becton-Dickinson)
t the School of Tropical Medicine, Kolkata, by
uochrome-conjugated antibody to CD4.
Bone marrow aspirates were taken from poste-
ior iliac crest with Salah’s bone marrow aspiration
eedle and bone marrow biopsy when required was
one with Jamshidi bone marrow biopsy needle.
arrow aspirate staining was done by Leishman
tain. ZN staining of bone marrow aspirate was
one in selected cases from DOTS, Medical College,
olkata. Special fungal staining and culture of bone
arrow aspirate was done in selected cases from
chool of Tropical Medicine, Kolkata. Bone marrow
ron staining was done by Perl’s stain. Bone marrow
rephine biopsy was stained by H—E stain.
esults
uring the one year period of study, we randomly
elected 30 patients who met the criteria for ‘‘HIV
ssociated FUO’’. Twenty one patients were men
nd 9 women. Twenty four out of the 30 had CD4
ount < 200 cells/L (range 6—303 cells/l). The
ean age was 40.6 years (range 19—63 years).
he ﬁnal diagnosis responsible for FUO consisted
126 A. Pande et al.
p
m
o
b
i
f
p
i
d
w
(
c
a
r
I
t
c
b
D
—
(Figure 1 Break up of all the cases which were included
in our study, with ﬁnal diagnosis.
of infectious diseases in 15 (50%) patients, hema-
tologic/neoplastic disease in 3(10%) patients and
undiagnosed in 12(40%) patients. Among infec-
tious causes, there were 12 bacterial, 1 fungal, 1
mixed (fungal + bacterial) and 1 viral etiologies (see
Figs. 1—3).
Bone marrow aspiration led to the diagnosis
of underlying etiology in 6(20%) cases with bone
marrow biopsy contributing in additional 2(6.7%)
cases. So the combined diagnostic yield of bone
marrow aspiration/biopsy in the diagnosis of ‘‘HIV
associated FUO’’, in our study, was found to
be 26.7%. Bone marrow was the only diagnostic
tool which could clinch the diagnosis in 4(13.3%)
Figure 2 Histoplasma in bone marrow.
—
T
t
(
—Figure 3 AFB in bone marrow.
atients. Among the diseases diagnosed by bone
arrow examination, 5(62.5%) were found to be
f infectious origin and 3(37.5%) were found to
e of hematologic/neoplastic origin. Among the
nfectious causes, Mycobacterium tuberculosis was
ound to be responsible in 3 cases (60%), Histo-
lasma capsulatum was found to be responsible
n 2 cases (40%). Hematologic and malignant con-
itions diagnosed from bone marrow examination
ere Hodgkin’s disease (1 case), multiple myeloma
1 case) and hemophagocytic lymphohistiocytosis (1
ase). Bone marrow staining showed AFB in 1 case
nd histoplasma in 2 cases; however culture was
equired to diagnose the remaining 2 cases of AFB.
n 1 of those 2 cases, bone marrow biopsy showed
ubercular granuloma (see Tables 1 and 2).
Other diagnostic procedures which
linched/aided in diagnosis were lymph node
iopsy (3 cases: 1 — histoplasma, 1 — Hodgkin’s
s, 1 — tuberculosis), lymph node FNAC (2 cases
tuberculosis), CT scan of chest and abdomen
1 case — Hodgkin’s disease), CSF study (2 cases
TB meningitis), ascitic ﬂuid study (1 case —B peritonitis), pleural ﬂuid study (1 case —
ubercular pl effusion), sputum for AFB and CXR
2 cases — pulmonary TB), skin biopsy (1 case
histoplasma), serum protein electrophoresis
Table 1 Distribution of etiologies diagnosed by bone
marrow examination.
Etiology diagnosed by BM exam No. of cases
(n = 8)
Infectious
AFB 3
Histoplasma 2
Malignant/hematologic
Hodgkin’s disease 1
Multiple myeloma 1
Hemophagocytic lymphohistiocytosis 1
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Table 2 Bone marrow changes among the study
population.
BM ﬁndings No. of cases
Cellularity
Hypocellular 9
Hypercellular 9
Normocellular 12
Erythropoiesis
Normal 7
Increased 7
Decreased 9
Dysplasia 7
Granulopoiesis
Normal 23
Increased 0
Decreased 4
Dysplasia 3
Megakaryopoiesis
Normal 20
Increased 0
Decreased 4
Dysplasia 6
Plasmacytosis 3
Granuloma 1
Staining
Positive 3
Negative 27
Culture positive (in staining negative) 2
Iron stores
Increased 1
Decreased 3
Normal 26
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1 case — multiple myeloma). Fig. 4 summarizes
istribution of diagnostic tools required to clinch
he ﬁnal diagnosis.
iscussion
UO still remains an intriguing problem in HIV-
nfected patients. Despite all available diagnostic
ools, its cause remains elusive in up to 40% of
ases [8—14]. Our study shows similar results with
0% cases not having any objective diagnosis. The
ost common disease found to be associated with
UO in our study was tuberculosis, as in other
r
n
digure 4 Distribution of diagnostic tools required to
linch the ﬁnal diagnosis.
eries [15]. It was followed by other infections like
istoplasmosis and hepatitis B. Hematologic disor-
ers/malignancies like Hodgkin’s disease, multiple
yeloma and hemophagocytic lymphohistiocytosis
ere found in the remaining cases.
In contrast to many other investigators, who
eported lack of utility of bone marrow aspira-
ion/biopsy in diagnosis of FUO in HIV patient [12],
e found evidence of infective processes in bone
arrow in 5/15(33.3%) cases having the ﬁnal diag-
osis of some infection. The most common infective
rganism responsible was mycobacterium tubercu-
osis, as already mentioned. Tuberculosis is a major
ealth concern in India. According to 2009 WHO
stimate, the national prevalence of TB is 185 per
00,000 persons. India has the highest number of
ew TB cases in the world with estimated 1.98
illion detected in 2008. In the same year WHO
stimated the national prevalence of HIV to be 6.7%
n TB patients [16]. There is no ofﬁcial data on
he magnitude of the TB in HIV infection in India.
owever, the data garnered from studies on HIV
eropositivity among adult TB patients in tertiary
ealth care centers does provide an insight on the
agnitude of the problem. Data from the state of
est Bengal, which has an estimated population
f around 90 million, shows that the total number
f registered TB patients undergoing treatment in
008 was 107,225 [17]. In our study, we had total of
3 patients who had been diagnosed with mycobac-
erium tuberculosis infection. Similar studies by
ilby et al. and Santos et al. revealed compara-
le results with mycobacterium being the most
ommon infective organism. A major proportion
f the infections were caused by Mycobacterium
vium Complex (MAC) in those two studies [18,19].
e however did not have any patients with MAC
nfection and all the patients diagnosed with TB
esponded well to standard anti-tubercular ther-
py. It is a well known fact that MAC infection is very
are in India. The reason for this rare occurrence is
ot yet very clear.
Bone marrow examination was also found to be
iagnostic in all 3/3(100%) cases of hematological
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disorder/malignancy underlying FUO. It has been
found to be a rapid diagnostic tool for detecting
hematologic disorders as we found the evi-
dence of Hodgkin’s disease, multiple myeloma and
hemophagocytic lymphohistiocytosis on BM exami-
nation in our work up of FUO. The total diagnostic
yield of bone marrow examination in diagnosis of
FUO in HIV was found to be 8/30(26.7%), however
it was found to be 8/18(44.4%) in whom a diag-
nosis could be reached. Bone marrow examination
was singularly helpful in clinching the diagnosis in
4 cases (2 — AFB, 1 — histoplasma, 1 — hemophago-
cytic lymphohistiocytosis).
In our study, we could diagnose all 2/2(100%)
cases of histoplasmosis from bone marrow ﬁndings.
Literature shows bone marrow yield in dissemi-
nated histoplasmosis in AIDS patients to be >70%
in some studies [9,10]. We also found higher
incidence of Hodgkin’s disease (1 case) involv-
ing bone marrow compared to NHL (0 case) in
these patients. It also suggests that AIDS asso-
ciated HD have more advanced disease at the
time of diagnosis. Although HD does not represent
an AIDS-deﬁning condition, recent evidence con-
sistently indicates that HIV-infected people have
a signiﬁcantly increased risk of developing HD
[20]. HIV-related HD is characterized by the pre-
ponderance of aggressive histological subtypes,
advanced stage at diagnosis, and malignant clin-
ical course [20]. Though NHL is considered to
be an important etiology of FUO in HIV-infected
patients, in some studies it has been shown that
BM biopsy is not helpful in clinching this diagno-
sis [19]. Also worth mentioning is the occurrence
of multiple myeloma in 1 of our patients. To
the best of our knowledge, about 50 cases of
AIDS complicated by multiple myeloma have been
reported in the medical literature [25]. Multi-
ple myeloma is shown in some series to occur
with greater frequency in HIV-infected patients
[21,22]. Although multiple myeloma is of rare
occurrence in HIV-infected individuals [25], bone
marrow plasmacytosis is a relatively common ﬁnd-
ing in such patients [23—26]. In our study, we
found the presence of plasmacytosis in 3 patients
(10%). Another rare disorder which we found in 1 of
our patients was hemophagocytic lymphohistiocy-
tosis (1 case). Hemophagocytic lymphohistiocytosis
has been diagnosed with increasing frequency in
patients infected with HIV [27,28]. Hemophagocy-
tosis is commonly found, to varying degrees, in the
bone marrow of HIV-infected individuals without
an underlying diagnosis of HLH, which raises the
possibility of a sub clinical form of HLH [29]. An
autopsy study of 56 patients with acquired immun-
odeﬁciency syndrome (AIDS) found an approximateA. Pande et al.
0% prevalence of hemophagocytosis [30]. In fact,
ost of the reported cases of HLH have been diag-
osed during the advanced stages of HIV infection
27—29] as in our case who had a very low CD4 count
88 cells/L).
Other than these diagnostic ﬁndings, we also
ound dysplasia in erythropoiesis, megakaryopoiesis
nd granulopoiesis, hypo & hyperplasia of 1 or more
ell lines and megaloblastic changes in the bone
arrow of these ART naïve HIV-infected patients.
n addition to this we also found both low and high
ron stores in these patients in concordance with
arlier studies [7,31].
onclusion
rom the discussion, we can safely conclude that
xamining the bone marrow is a useful diagnostic
rocedure that facilitates the process of achieving
faster diagnosis in patients with AIDS present-
ng with FUO, especially in infective cases and in
ases where the underlying etiology is a hema-
ological disorder. A BM biopsy may be preferred
n patients who are extremely ill in whom even
he slight possibility of a positive biopsy may favor
ggressive action, possibly in patients whose con-
ition warrants a faster diagnosis or those in whom
neoplastic or primary hematologic disease is
trongly suspected. So a routine bone marrow aspi-
ation/biopsy examination may be included in the
rimary work up of FUO in HIV patients, particularly
ho are naïve to ART, for more rapid & enhanced
iagnosis of the varied etiologies underlying.
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